ABSTRACT: Some species of the known fish myxosporeans select fins as type location for their development. During the plasmodial development of Myxobolus, Henneguya and Thelohanellus species in cyprinid fishes and eels, 3 main locations of plasmodial development were distinguished inside the fins. M. portucalensis, M. alburni, M. caudatus and a Myxobolus sp. formed plasmodia in the dermis of the skin doublets between finrays, while plasmodia of M. diversus and H. cutanea developed inside the lumen of the cartilaginous finrays. The third type of development was represented by T. nikolskii, which started its development on the outer surface of the finrays. Plasmodia both in the lumen and on the surface of the finrays were surrounded by a cartilaginous capsule, but plasmodia of T. nikolskii also had a thick connective tissue capsule containing pieces of cartilage.
INTRODUCTION
The fin is one of the most common sites of establishment of various myxosporean species infecting fishes. In most cases, parasites colonising the fin occupy well-defined locations. Some of them show preference for the dermis of the fins while others form plasmodia on the cartilaginous finrays or fin vasculature. In the specialist literature, fins are referred to as only one of the possible sites of establishment; the relevant monographs (Shulman 1966 , Donec & Shulman 1984 , Lom & Dyková 1992 sometimes list several organs other than the fins as sites of establishment for a given myxosporean species. Molnár (1994) has suggested that myxosporeans have certain host-, organ-and tissue-specificity, the last-mentioned being the most important. The fin is an organ of rather simple structure, composed of epithelial, connective tissue endothelial elements and the chondrifying collagenous substance of the finrays (Lanzing 1976 , Becerra et al. 1983 , Brandstatter et al. 1990 , Sharples & Evans 1996 . However, because of their different tissue affinities, myxosporeans can occur in diverse locations even within this relatively simply structured organ.
This paper describes the most characteristic types of establishment and development of myxosporean plasmodia in the fins on the basis of experience gained with Myxobolus, Henneguya and Thelohanellus species.
MATERIALS AND METHODS
Records involving infections of fins with myxosporean parasites throughout a 7 yr period were evaluated, and the site selection of different species typified. Preparations were selected from the author's histological collection made during that period on fish myxosporeans. Histological sections were made from the fins of various fish species infected with different developmental stages of Myxobolus, Henneguya and Thelohanellus species, but some uninfected fish were also examined as controls. Samples were collected from 7 fish species: common carp Cyprinus carpio, goldfish Carassius auratus, barbel Barbus barbus, common bream Abramis brama, roach Rutilus rutilus, bleak Alburnus alburnus and eel Anguilla anguilla. In order to ensure a good plane for sectioning, the fins (primarily the tail fin), of infected fishes were cut off close to the base, gently placed flat under a coverslip, and soaked for 5 min in some drops of Bouin's solution. After the fins became rigid they were transferred into bottles and fixed for 4 h in approx. 20 ml of Bouin's solution. The fins were embedded in paraffin wax and some sections were cut longitudinally in the plane of the fins, while others were cut transversally. Sections of 4 to 8 µm thickness were stained with haematoxylin and eosin and by the Farkas-Mallory method (Kiszely & Barka 1958) . Microphotographs were prepared with video equipment attached to an Olympus microscope to obtain digitised pictures (Székely 1997).
RESULTS

Anatomical and histological structure of the fins in uninfected cyprinids
The calcified finrays or lepidotrichia are segmented along their length with segments joined to each other by ligaments at the intersegmental joints (Fig. 1) . Each lepidotrichium consists of 2 v-shaped or w-shaped cartilaginous rods (hemisegments), with an open space laterally (Fig. 2) . The neighbouring finrays are connected by interlepidotrichial ligaments. The hemisegments are covered both outside and inside by a single dense connective tissue layer functioning as perichondral cells. These cells produce the extracellular collagenous material of the finrays, which gradually becomes calcified. The lumen of the finrays (intrasegmental region) is filled up by a loose connective tissue rich in blood vessels and nerves (Fig. 3) . Major blood vessels and nerves run through the interlepi- 
Alterations in fins caused by myxosporean plasmodia
During these studies, myxosporean infections were consistently found in the fins of 7 fish species. The observed infections occurred in 3 typical locations in the fins, primarily in the tail fins:
Plasmodial development in skin doublets between the finrays
In 4 of the 7 cases, myxosporean plasmodia developed in the loose connective tissue layer of the skin doublets between the finrays. Such site selection was observed in Myxobolus portucalensis infection of the eel (Fig. 4) , M. alburni infection of the bleak (Fig. 5) , M. caudatus infection of the barbel (Fig. 6) and Myxobolus sp. infection of the roach (Fig. 7) . In these infections no signs of host reaction could be seen around the plasmodia, the cysts were located freely in the dermis, and at most a closer contact of host cells could be observed due to the pressure exerted by the plasmodium on its environment.
Plasmodial development inside lumen of the finrays Development inside the finrays was observed in 2 fish species. The plasmodia of Henneguya cutaea (Fig. 8) in common bream and those of Myxobolus diversus (Fig. 9 ) in goldfish developed equally inside the lumen of the 2 hemisegments constituting the cartilaginous finrays. The relatively large plasmodia completely filled the space formed by the hemisegments, pushing the blood vessels and nerves running between them to the periphery, close to the cartilage of the hemisegments, but they did not cause morphological changes in the substance of the cartilage. Simultaneously, the larger plasmodia bulged into the intersegmental joints and the interlepidotrichial connective tissue. The ectoplasm of the plasmodia of both species was bordered by a cartilaginous collagenous capsule surrounded by a flattened cell layer of dense connective tissue. This cell layer, functioning as perichondral cells, formed the host-derived cartilaginous capsule of the plasmodia.
Plasmodial development on outer surface of the finrays
The third type of fin-parasitic myxosporeans is represented by Thelohanellus nikolskii, which forms plasmodia of substantial size (1 to 5 mm in diameter) on the surface of the fins of common carp (Fig. 10) . The development of this parasite is also associated with the cartilaginous layer of the finrays; however, the plasmodia start their development on the outer surface, rather than inside the lumen, of the hemisegments. Unlike the 2 species developing inside the lumen of the hemisegments, T. nikolskii markedly deforms the cartilaginous substance of the finrays, and its plasmodia are surrounded by a relatively thick cartilaginous capsule formed by the perichondral cells and also by a similarly thick connective tissue capsule. A further characteristic feature of this infection is that the developing plasmodium substantially changes the structure of the hemisegments. Under the developing plasmodium the cartilaginous substance of the hemisegments undergoes deformation and breaks up into small fragments. Small pieces of the disintegrated hemisegment can be found, as small cartilaginous islets, in the wall of the connective tissue capsule surrounding the plasmodium (Fig. 10) .
DISCUSSION
The teleost fin is one of the most common sites of establishment of eukaryotic parasites and possibly of other pathogens. Of the pathogens visible to the naked eye or by light microscopy at low magnification, monogeneans and trematode larvae belonging to metazoan organisms occurring most frequently on the fins, but certain representatives of microsporeans, some Dermocystidium species of still uncertain taxonomic position, and the lymphocystis disease virus also form distinct nodules (Reichenbach-Klinke 1950 , Schäperclaus 1954 , Roberts 1978 , Bauer et al. 1981 , Lom & Dyková 1992 . Numerous myxosporeans, including the Myxobolus, Henneguya and Thelohanellus species of cyprinids studied in this work, can colonise the fins of fishes. Although the occurrence of myxosporeans on fins has been known for a long time, few reports have indicated the fin as a typical site of infection. Schubert (1967) described the species H. pinnae from the fins of the tropical fish species Ctenopoma kingsleyae, and subsequently studied that parasite by electron microscope methods (Schubert 1968) . Minchew (1977) found a species in American catfish in a typical location (in the adipose fin) and named it Henneguya adiposa. The most common fin parasite (T. nikolskii) in carp farms was studied by Molnár (1982) . The grasscarp parasite M. pinna Wu et Chen, 1987 (Chen & Ma 1998 seems also to be a typical parasite of the finrays. The fin has been reported to be the typical site of infection for the eel parasite M. portucalensis, and for M. alburni parasitising the bleak, a cyprinid fish (Saraiva & Molnár 1990 , Molnár 2000 . Despite the common occurrence of fin infections, data on such infections are relatively scarce in the literature. This is probably due to the fact that infection of the fins, which are non-vital organs, is not a direct cause of mortality.
Studying the host-, organ-and tissue-specificity of different myxosporean species, Molnár (1996) concluded that they were strictly tissue-specific, and that most were characterised by location in a certain organ. Site selection is primarily determined by the tissuespecificity. Species developing in tissues that occur at various sites in the body (skeletal muscle, connective tissue) are not characterised by organ-specificity, and therefore they may be present in different parts of the body. The muscle-parasitic Kudoa and Myxobolus species belong to this group. Kabata & Whitaker (1981) detected K. thyrsites and K. paniformis in different skeletal muscle sites, and the intracellular plasmodia of the muscle-parasitic M. cyprini and M. artus were also found to occur in different parts of the body (Molnár & Kovács-Gayer 1985 , Ogawa et al. 1992 . Like muscle-parasitic species, myxosporeans displaying affinity to the loose connective tissue are also characterised by a lack of organ-specificity; of these, the plasmodia of Thelohanellus hovorkai have been detected in the head, in the intermuscular tissues and in the tissues around the intestine by Molnár & Kovács-Gayer (1986) and by Yokoyama et al. (1998) . Organ-specific and cosmopolitan species occur equally among those species developing in the capillaries and blood vessels. The eel parasite Myxidium giardi may form plasmodia in the renal capillaries, in the blood vessels of the gills, and even in the skin (Lom & Dyková 1992) . At the same time, numerous gill-parasitic myxosporean species are characterised by strict site selection: some species form plasmodia in the capillaries of the gill lamellae, while others exhibit preference for the gill arteries. The widely varying forms of gill colonisation by myxosporeans have been described in detail by Paperna (1973) , Sakiti et al. (1991) and Molnár (2002) . Typical examples of strictly organspecific parasites are myxosporeans with an affinity to cartilage. Myxobolus cerebralis is a parasite of the cartilage matrix of the head and vertebral column (Halliday 1973) , while the primary site of colonisation for M. cartilaginis is the cartilage substance of the branchial arches (Hoffman et al. 1965 ). The fin is an organ of relatively simple structure, the most characteristic part of which is constituted by the finrays formed from calcifying collagen substance. Of the examples cited in the present paper, the development of Myxobolus diversus, Henneguya cutanea and Thelohanellus nikolskii is associated with the presence of that collagen substance. All 3 species are typical fin parasites, and their plasmodia are surrounded by a 'cartilaginous capsule' formed from that collagen. It is obvious that in the above cases the site selection of the fin parasites is determined by the tissue structure of the finray. This fact does not conflict with the fact that Moshu & Molnár (1997) found the plasmodia of T. nikolskii also on the as yet non-calcified edge of the scales. This latter occurrence of the parasite indicates only that tissue specificity takes priority over organspecificity, as scales are formed from a similar collagenous substance to that constituting the finrays.
While, however, species developing in or on the finrays are uniformly characterised by an affinity to connective tissue consisting of collagenic fibres, the plasmodia formed in the connective tissue of the skin doublets between the finrays have no such affinity. It is undoubtedly true that the 4 type species Myxobolus portucalensis, M. caudatus, Myxobolus sp. (from roach) and M. alburni all develop their plasmodia in the subcuticular connective tissue of the fins; however, the available histopathological results are not sufficient to decide whether the plasmodia buds actually start developing in association with connective tissue cells or within one of the small capillaries. Although a cosmopolitan location would be conceivable both in the former and in the latter case, the observations made so far are suggestive of a strict fin-associated site selection. Figs. 3-10. Fig. 3 . Cross-section of an uninfected tail fin of the common carp Cyprinus carpio close to the base; finrays are located close to each other (H&E; ×40). Fig. 4 . Myxobolus portucalensis plasmodia (p) in the dermis of the eel Anguilla anguilla in the interlepidotrichial region of the tail fin (H&E; ×80). Fig. 5 . Myxobolus alburni plasmodium (p) in the dermis of the tail fin of the bleak Alburnus alburnus between 2 finrays (arrowheads) in the level of the intersegmental joints (arrow); the intrasegmental regions (ia) of the finrays are seen on both sides (H&E; ×160). Fig. 6 . Interlepidotrichial plasmodia of Myxobolus caudatus in the tail fin of the barbel Barbus barbus (H&E; ×80). Fig. 7 . Myxobolus sp. in the tail fin of a roach Rutilus rutilus; the plasmodium (p) is located in the dermis (d) between 2 finrays (H&E; ×160). Fig. 8 . Plasmodium (p) of Henneguya cutanea in the lumen of the finray of the common bream Abramis brama; the plasmodium fills only a part of the intrasegmental region, but bulges into the interlepidotrichial region (arrow) and into the lumen of the neighbouring finray (arrowhead) (H&E, ×160). Fig. 9 . Myxobolus diversus plasmodium (p) in the lumen of one of the dividing finrays in the goldfish Carassius auratus (arrows) (H&E, ×160). Fig. 10 . Plasmodia (p) of Thelohanellus nikolskii on the surface of the finrays of the common carp C. carpio; the cartilage structure of the hemisegments is deformed, the thick connective tissue capsule contains cartilaginous islets (H&E; ×40)
Of the species occurring in the 3 different fin locations described in this paper, the species developing in the dermis of the skin doublets between the finrays can clearly be regarded as myxosporeans with an affinity for the connective tissue, although it cannot be excluded that they start developing within the lumen of a fin capillary. The species developing within the lumen of the finrays are likely to have a similar intracapillary type of development, although in their case the cartilaginous capsule formed around the plasmodium suggests that perichondral collagen-forming cells may play a fundamental role in their development, primarily in the formation of the plasmodial wall, in the same way as in Thelohanellus nikolskii.
